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Description 

This invention relates to pharmaceutical compositions containing compounds which are useful in 
treating or preventing diseas s characterized by abnormal calcium and phosphate metabolism, in particular 
5 those which are characterized by abnormal bone metabolism. 

A number of pathological conditions which can afflict warm-blooded animals involve abnormal calcium 
and phosphate metabolism. Such conditions may be divided into two broad categories. 

1 Conditions which are characterized by anomalous mobilization of calcium and phosphate leading to 
general or specific bone loss or excessively high calcium and phosphate levels in the fluids of the body. 
10 Such conditions are sometimes refen-ed to herein as pathological hard tissue demlneralizations. 

2. Conditions which cause or result from deposition of calcium and phosphate anomalously in the body. 
These conditions are sometimes referred to herein as pathological calcifications. 

The first category Includes osteoporosis, a condition in which bone hard tissue is lost disproportionately 
to the development of new hard tissue. Marrow and bone spaces become larger, fibrous binding decreases. 
75 and compact bone becomes fragile. Osteoporosis can be subclassified as menopausal, senile, drug induced 
(eg adrenocorticoid, as can occur in steroid therapy), disease induced (e.g., arthritic and tumor), etc., 
however the manifestations are essentially the same. Another condition in the first category is Paget's 
disease (osteitis de formans). In this disease, dissolution of normal bone occurs which is then haphazardly 
replaced by soft, pooriy mineralized tissue such that the bone becomes deformed from pressures of weight 
20 bearing, particularly in the tibia and femur. Hyperparathyroidism, hypercalcemia of malignancy, and 
osteolytic bone metastases are conditions also included in the first category. 

The second category, involving conditions manifested by anomalous calcium and phosphate deposition, 
includes myositis ossificans progressiva, calcinosis universalis, and such afflictions as arthritis, neuritis, 
bursitis, tendonitis and other inflammatory conditions which predispose involved tissue to deposition of 
25 calcium phosphates. 

Polyphosphonic acids and their pharmaceutically-acceptable salts have been proposed for use in ttie 
treatment and prophylaxis of such conditions. In particular diphosphonates. like ethane-1-hydroxy-1 ,1- 
diphosphonic acid (EHDP). propane-3-amino-1 -hydroxy-1 ,1-diphosphonic acid (APD), and dichlorometthane 
diphosphonic acid (CI2MDP) have been the subject of considerable research efforts in this area. Paget's 

30 diseas© and heterotopic ossification are currently successfully treated with EHDP. The diphosphonates tend 
to inhibit the resorption of bone tissue, which is beneficial to patients suffering from excessive bone loss. 
However. EHDP. APD and many other prior art diphosphonates have the propensity of inhibiting bone 
mineralization when administered at high dosage levels. 

It is believed that mineralization inhibition is predominantiy a mass related physico-chemical effect. 

35 whereas resorption inhibition results from a biological interaction witii Ihe cells. It is therefore desirable to 
develop more biologically potent diphosphonate compounds tiiat can be administered at low dosage levels 
which cause littie or no mineralization inhibition, thereby resulting in a wider margin of safety. Low dosage 
levels are also desirable to avoid tiie gasti^o-intestinal discomfort (like diarrhea) sometimes associated witii 
oral administration of large quantities of diphosphonates. 

40 It is tiierefore an object of this invention to provide high potency compositions for the treatment and 
prophylaxis of ab normal calcium and phosphate metabolism. It is a still further object of this invention to 
provide an improved method for treating diseases characterized by abnormal calcium and phosphate 

metabolism. , 
US-A-3.683.080, issued August 8. 1972, to Francis, discloses compositions compnsmg poly- 
45 phosphonates. in particular diphosphonates. and their use in inhibiting anomalous deposition and mobiliza- 
tion of calcium phosphate in animal tissue. 

JP-A-80-98,193, issued July 25. 1980, to Nissan Kygaku Kagyo K. K. discloses pyndyl ethane 
diphosphonic acid. S-(pyridyl)-thiomethane diphosphonic acid, and the derivatives witii halogen or alkyi 
group substitution on the pyridyl ring. These compounds are used as post-emergence herbicides. 
50 JP-A-80-98,105, issued July 25, 1980, to Nissan Chemical industries, discloses N-(3-pyndyl)- 
aminomethane diphosphonic acid, and the derivatives with halogen or alkyI group substitution on the pyridyl 
ring, for use as herbicides. Various N-(pyridyl)-aminomethane diphosphonates are also disclosed in DE-A- 
2 831.578. issued Febnjary 1. 1979 to Fumio, for use as herbicides. 

e'r-A-100.718 (Sanoti SA), published Febmary 15, 1984. discloses various alky I diphosphonates which 
55 ar -substituted by a sulfide attached to a 5- or 6-membered nitrogen- or sulfur-containing heterocycle. 
Thes compounds are used as anti-inflammatory and anti-rheumatic drugs. 

GB-A-2.004.888. published April 11, 1979. discloses N-(3-methyl-2-picolyl)-aminom ethane and related 
compounds for use in herbicidal compositions. 
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W Ploger et al. Z. Anorg. Allg. Chem.. 389. 119 (1972). discloses the synthesis of N-{4.pyridyl)- 
aminomethane diphospFonT^d.TFpFS^es or utility of th compound are disclosed 

EP-A.0170228 disclos s h terocyclic geminal diphosphonates having a C.-Ca hydrocarby! hnkmg 
moiety and their use in pharmaceutical compositions. The present invention relates to a pharmaceuticai 
composition for use in treatment of diseases characterised by abnomial calcium and phosphate metabo- 

''''"iaTfrom'S mg P to 600 mg P of a geminal diphosphonic acid compound, or a pharmaceuticaily- 
acceptable salt or ester thereof, having the structure: 
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wherein Z is a ring selected from the group consisting of pyridine, piridazine. pyrimidine and pyrazme Q is 
Igen -NR.-. or a single bond: m * n is an integer from 0 to 5. provided that when Q .s a single bond, m 
+ n is 0 or !• Ri is hydrogen, substituted or unsubstituted amino, amido. hydroxy, alkoxy. haogen 
carboxylate. substituted or unsubstituted. saturated or unsaturated hydrocarbon chain having from 1 to 6 
carbon atoms, substituted or unsubstituted aryl. or substituted or unsubstituted benzyl, except that when n 
= 0 and Q is oxygen or NR.. then Ri is hydrogen, substituted or unsubstituted. saturated or unsaturated 
hydrocarbon chain having from 1 to 6 carbon atoms, substituted or unsubstituted aryl. or substituted or 
unsubstituted benzyl; Ra is hydrogen or substituted or unsubstituted. saturated or unsaturateo hydrocarbon 
Chain having from 1 to 4 carbon atoms; R, is one or more substituents selected from the g™"P^— 9 
of hydrogen substituted and unsubstituted. saturated or unsaturated hydrocarbon chain having from to 6 
cartin atoms, substituted and unsubstituted aryl. substituted and unsubstituted benzyj. hydroxy, halogen 
carbonyl. alkoxy. nitro. amido, amino, substituted amino, carboxylate. and combinations thereof. R. is 
hydrogen, substituted or unsubstituted. saturated or unsaturated hydrocarbon chain having from 1 to 4 
carbon atoms, or acyl; and 

(b) a pharmaceutical carrier. • • „ „ 

THis invention relates to pharmaceutical compositions, preferably in unit dosage form, compnsing a 
phamiaceutical carrier and a safe and effective amount of geminal diphosphonic acid compounds, or their 
phamiaceutically-acceptable salts and esters, in which the diphosphonic acid-contaming carbon >s linked to 
a 6 membered aromatic ring containing one or more nitrogen atoms. 

The rings are pyridine, pyridazine. pyrimidine. and pyrazine. Most preferred are pynmidine and 
especially pyridine. The rings may be unsubstituted or substituted with one or more substituents selected 
from the group consisting of substituted and unsubstituted hydrocarbon chain (saturated or unsaturated) 
ha^ng from 1 to 6 carbon atoms, substituted and unsubstituted aryl (e.g.. phenyl and naphthyl). substituted 
and unsubstituted benzyl, hydroxy, halogen, carbonyl (e.g.. -CHO and -COCH3). alkoxy (e.g methoxy and 
ethoxy) nitro. amido (e.g.. -NHCOCH3). amino, substituted amino (e.g.. dimetiiylamino, metiiy». and 
diethylamino). carboxylate (e.g.. -OCOCH,). and combinations thereof. The rings may <us^^;* 
rings. e.g.. benzene fused with pyridine (e.g.. quinoline), and cyclohexane fused w,tt, pynd.ne (e^g 5^ 7^ 
tetrahydro-quinoline). Additional substituents could be substituted or unsubstituted sulfide, sulfoxide, sulfate. 

°' '1?e"nnkage from the diphosphonic acid-containing carbon to ttie ring may be direct tiirough a single 
bond or by a chain of length of from 1 to 5 atoms. The chain may be all carbon atoms, a nitrogen atom or 
nitrogen-containing ch^n. an oxygen atom or oxygen-containing chain or a seleriium atom or sei™^^ 
containing chain. The carbon and nitrogen atoms in the chains may. independentiy. be unsubstituted or 
u s tS wi* one (or one or two In the case of carbon atoms) substituted or unsubstituted hydrocarbon 
h^saturated or unsaturated) having from 1 to 4 carbon atoms (methyl f V' ^^^^^^^^^^^^^^ 
nitrogen atoms in the chains may also be substituted with an acyl group (e g -COCH3). UnsubstitiJted 
carbon and nitrogen atoms in th chain are preferred. Also preferred ar chains on atom in length, i.e.. 

'"^"'lieT^n atom which has th phosphonate groups attached to it may be unsubstituted (i.e a 
hydrogen atom), or substituted witi, amino, substituted amino, amido. hydroxy alkoxy. °9«"; <=^^57'^^^^^^ 
LtiLd or unsubstituted alkyl (saturated or unsaturated) having from 1 to 6 carbon atoms, substituted or 
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unsubstituted aryl. or substituted or unsubstituted benzyl. For the compounds ^l^'^"^ «^f^P'^°'Pj''f 
S ailg ca^n is linked to the ring via an oxygen, or nitrogen-contain.ng cha.n 2^.7 on the 
SqeT atom is bonded directly to the phosphonate containing carbon, then the s-Jbsttient on the 
p S^nSrcont^ning carbon may be substitut d or unsub^tuted ^Vdn^c^bon ^.h- ^(^^^^^^ o 
5 Snsattirated) having from 1 to 6 carbon atoms, substrtuted or unsubsttuted aryl. or substituted or 

• ""C'Sh'oiiic acid compounds to be Included In the pham,aceutica. compositions of the present 
invention have the structure: 

R_Z 4c-|Q-fc-|-C-P03H2 
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wherein Q is oxygen. -NR.-. or a single bond, m * n is an integer from 0 to 5 provided that when R i_s a 
LnH m + n i.! 0 or 1 With m + n = 0 orl preferred for Q being oxygen, or -NR*-. and m + n - 1 
pSrr o'herJse Z s" ^^^^^^^^^^^ from the group consisting of pyridine, pyridazine. pyrimidlne. and 
ovrime wiH eSr7ed being pyrimidine. and especially pyridine; R, is hydrogen, substituted or unsub- 
Sra^ nc.'rr.ido hydroxy' alkoxy. halogen, carboxylate. substituted or ;;"3"bsttuted hydroc^^^^^ 
Sr (s^ ated or unsaturated) having from 1 to 6 carbon atoms, substituted or unsub^ituted aryl. or 
SbitS^d 0 un^^^^^^^ benzyl, except that when n = 0 and Q is oxygen, or -NR.-then Ri .s hydrogen. 
sSJ^S o unsubstituted hydrocarbon chain (saturated or unsaturated) having from 1 to 6 carbon atoms, 
subfti uS unsubstituted aryi. or substituted or unsubstituted benzyl, with R, being hydrogen chloro 
^^frmetSl or hydroxy preferred: each R^ is. independently, hydrogen, or substituted or unsubstituted 
hTdr'carCchr^^^^ or unsaturated) having from 1 to 4 carbon atoms ^''^ "^'^22^21 
Dreferred- R. is one or more substituents selected from the group consisting of hydrogen, substtuted or 
rsubsl-tuted alkyUsaturated or unsaturated) having from 1 to 6 carbon atoms, substituted and unsub- 
Stltr^yl substiti^ted and unsubstituted benzyl, hydroxy, halogen, carbonyl. aikoxy, nitro, ani.do. ammo. 
sSuited a^ino carboxylate. and combinations thereof, with prefen-ed being hydrogen, methyl amino 
chtofo methTxy nL. hydroxy and combinations tiiereof; R. is hydrogen, substituted or unsubstitijted 
SZca^oSnt^^^^^ unsaturated) having from 1 to 4 carbon atoms, or acyl (i.e tine arn.de of 
me Sen) wrth preferred being hydrogen, mettiyl. or ethyl; and pharmaceutically-acceptable salts and 
r^nr^L compounds. Rni. for any of the R,. Ra, Ra. or R, substituents which are themselves 
J^bs^tld tht substitution on these substituents may be any one or mo^ of the above substituents. 
nreferred being mettiyl, ethyl, amino, chloro. nitro. metiioxy. hydroxy, acetamido. and acetate 
' Z^speciS^^ diphosphonic acid compounds, and their pham^aceutically-acceptable salts and 
esters 0 belScluded in the pharmaceutical compositions of the present invention are of the structure: 
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wherein m + n, Z. Ri. R2. Rs. and R. are as described above. 
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H/m+n 



C-PO3H2 



or 
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N \^H/m+n 



„ + n - 0 or 1- Ri is hydrogen, chloro. amino, or hydroxy; R3 is one or 
hydroxy, and combinations thereof; or 
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'^POjHj : or 



i— PO3H2 



or 
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40 




C—POjHj ; or 



. » = n - 0 or 1- Ri is hydrogen, chloro. amino, or hydroxy when n - 
45 wherein for the four preceding strucUjres n - . ^^^^^^ ^^^^^^^ ^^m the group consisting of 

li'; 'mSTirhii: l-rio. hydroxy, and combinations thereof, and is hydrogen, 
"'t'edfif e^^^^^^ Of compounds which may be utilized In composi«ons of the present invention 
50 include; N-(2-pyridyl)-aminomethane dlphosphon.c ac^: 
N.(2-(5-amino)-pyridyl)aminomethane diphosphonic acd. 
N- 2-(5K:hloro)-pyrldyl)aminomethane diphosphonic acid, 
N- 2-(5-nitro)-pyridyi)aminomethane diphosphonic acid; 

N||,5<iichSo)-pyridyl)-aminomethane diphosphonic acd. 
55 N-(4-pyridyl)-N-ethylaminomethane diphosphonic acid; 

N-{2-(3-picolyl))-aminomethane diphosphonic acid; 

N-(2-(4-picolyl))-amlnomethane diphosphonic acid; 

N-(2-(5-picolyl))-aminomethane diphosphonic aad; 
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15 



N-(2-(6-picolyl))-aminomethane diphosphonic acid; 
N-(2-(3.4-lutidin©))-aminomethane diphosphonic acid; 
N-(2-{4'.6-lutidin9))-aminomethan© diphosphonic acid; 
N-(2-Dyrimidyl)-aminomethane diphosphonic acid: 
N- 4-(2.6-dimethyl)pyrimidyi)arninomethane diphosphonic acid. 
N.(2-(4.6Kllhydroxy)-pyrimidyl)aminomethane diphosphonic acio. 
N-(2-{5-m6thoxy)pyridyl)aminomethane diphosphonic acid. 
N-(2-pyridyi)-2-aminoethane-l .1 -diphosphonic aad; 
N-(2-(3-picolyl))-2-aminoethane-1 .1 ^diphosphonic acid; 
N- 3-pyridyl>-2-amino-1-chloroethane-1 .1 -diphosphonic acid; 
N.(2-(4-picolyl))-2-amino-1-hydroxy-ethane-1 .1 -diphosphonic 
acid; (2-pyridyi)-methane diphosphonic acid; 
{3-pyridyl)-aminomethane diphosphonic acid; 
(2-pyiidyl)-chloromethane diphosphonic acid; 
(4-pyridyl)-hydroxymethane diphosphonic acid; 
2-(2-pyridyl)-ethane-1 ,1 -diphosphonic acid: 
2-(3-pyridyl)-ethan&-1 ,1 -diphosphonic acid; 
2-{4-pyridyl)-ethane-1 ,1 -diphosphonic acid; 
2-(2-pyridyl)-1-amino-ethane-1,l-diphosphonic acid: 
, 2-(2-pyrimidyl)-1-hydroxy-ethane-1.l-diphosphonicacid: 
2-(2-(3-picolyl))-1-chloro-ethane-l,l-diphosphonicacid; 
2-(2-(4-methoxy)-pyridyl)-ethane-1 .1 -diphosphonic acid; 
1 .(2-pyridyl)-propane-2.2-diphosphonic acid: 
2-(2-pyridyl)-1-chloro-ethane-i .1 -diphosphonic acid; 
5 2-(2-pyridyl)-1-hydroxy-ethane-1 .1 -diphosphonic acid; 
2-(3-pyridyl)-1-hydroxy-ethan8-1 .1 -diphosphonic acid; 
2-(4-pyridyl)-1-hydroxy-ethane-l .1 -diphosphonic acid; 
0-{2-pyridyi)-2-oxa-ethane-1 .1 -diphosphonic acid; 
0-(2-pyridyl)-oxamethane diphosphonic acid: 
0 0-(2-pyrimidyi)-oxainethane diphosphonic acid: 

0-<2-(4-amino)-pyridyl)-oxamethane diphosphonic acid; 
0-(2-pyrimidyl)-2-oxa-ethane-1 .1 -diphosphonic acid: 
0-(2-(3-picolyl))-2-oxa-ethane-1 .1 -diphosphonic acid; 
0-2-(3-picoiyl))-oxainethane-diphosphonlc acid 
,5 o-{2-pyridyi)-l-hydroxy-2-oxa-ethane-l.l-diphosphonicacid; 
0-(4-pyridyl)-i-amino-2-oxa-ethane-1.l-diphosphonic acid; and 

N-{2-(5-chloro)-pyridyi)-aminomethane diphosphonic acid; 
40 N-(2-(3-picolyl))-anninomethan0 diphosphonic acid; 

N-(2-(4-picolyl))-aminomethane diphosphonic acid; 

[M-(2-(5-picolyi))-aminomethane diphosphonic acid; 

N-(2-{6-picolyl))-amlnomethane diphosphonic acid; 

N-(2-(3.4-iutidine))-aminomethane diphosphonic acid; 
45 N-(2-pyrimidyi)-aminomethane diphosphonic acid; 

N-(2-pyridyl)2-aminoethane-1 ,1 -diphosphonic acid; 

2-(2-pyridyi)-ethane-1 .1 -diphosphonic add; 

2-{3-pyridyl)-6thane-1 ,1 -diphosphonic acid; 

2-{4-pyridyI)-ethane-1 ,1 -diphosphonic acid; 
50 2-(2-pyridyl)-l -hydroxy-ethane-1 .1 -diphosphonic acid; 

2-(3-pyridyl)-1-hydroxy-ethane-1 ,1 -diphosphonic acid; 

2-(4-pyridylhl-hydroxy-ethan -1.1 -diphosphonic acid; 

0-(2-{3-picolyl))-oxamethane-diphosphonic acid; and 
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)aminoethane DP nreoared via a typical Michael reaction between tetraethyl vinyl- 
The abS-ve-named <»';P°"?i' . „ q '^^^^^ Synthetic Reaction 2nd Ed. WA Ben- 
diphosphonate and 2-amino-3-picoline. (see n.u. nouao, j; 

jamin inc. p. 595-623.) 2-amino-3-picollne in tetrahydrofuran at 5* C was added 4.50 g (15 

To a solution of 1.62 g (15 mmol) ot <J af^'^o-o ij"- ' temperature for 16 hours, 

mmol) tetraethyl vinyidiphosphonate. The ^-^^^^^^221 tTofVp^^cn silica gel gave pure 
Evaporation of the solvent and "r'^'^ Wj^y a^^^^^^ « ^ pure tetraethyl ester in CDCI3 

r:^r r^sr^s^T^^^^^^^^ - - 

^"TC'vrJ^^^^^ ;;2hS2— ane OP were prepared in an iden«cal 



manner. 

Compounds having the general formula 
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(.Herein n = 1: and Z. R. and R3 are as ^-Hb^J ^S^bS^^^ 

especially pyridine, preferred J^^^-^^^^^^^^^^^ ni^o ^T^^^^^^ hydroxy, and combinajons 

from the group consisting of ^'jd °9en. met^^^^^ ^ .i.hvdrQxv-ethane-1.1-diphosphonic acidj 

thereof) are best prepared as ^°^^^^-p!^^^- ^^L^^ magnetic stir bar is charged w ith 6.94 
A 3.neck round-bottom flask fitted w,* a reflux c^^^^^^^^ 9 ^^.^ 

grams (0.04 mole) 2-pyndme acet.c J'^J^^ ^^^J.^^; .^ter bath, and 16.5 grams (0.12 mole) 

chlorobenzene. Th.s ^^^^^J^^^^^' ^^^3^ ^ This reition mixture is heated for 2-1/2 hours during 
phosphorus tnchlonde.s added d opw^ewmi sw^^^^ ^^^^^ ^ .^^ ^^^^ 

which time a viscous yellow o.i forms. Tl^e J^^/J^ 7 ^he reaction flask containing this 

chlorobenzene solution is decanted of^ i^ Jd SS in a boiling water bath 
solidified product is charged with 150 -J^^^l^l^f 1.^'^^^^^^^^^^ to the warm filtrate solution, 

hot solution is then filtered through Celrte 545 . ° .^^^^^^^^^ ,3 fi„ered off and then washed with 

and a precipitate develops. After cooling in .ce for 1 hour th pr op ate s^ .ecrystailized 

TS^"^^:^^^^^ - 

^^"sy"pharmaceutical.y-acceptab.s.^^^^^^^^^ 

salts of the diphosphonate compounds wh^^ch hav^a the s^e g^^^^ P Pharmaceutically- 
form from which they are denved and which ^eta, (calcium and magne- 

acceptable salts include alka metal f/'^ .^^ ^^^'J^^^^^^^^ and low molecular weight substituted 

diluents or encapsulating '^^''^^^^^'J^^^ interacting in a manner which would substantially 

composition are "P^'®^,!], ^l? ' "^T^^Xtal composition under ordinary use situations. 

decrease the P^^'^^'^^^^j^^/^^^^^^^^ pharmaceutical carriers are sugars such as lactose. 

Some examples of substances which ^a" ~ P „ , ^ derivatives, such as 

glucose and sucrose; starches such as f =^ J^'J malt, gelatin, talc; 

, sodium carboxymethylcellulose. ««^y'^''"'°^,f ' J.^""^^^^^^ peanut oil. cottonseed oil. sesame 

stearic acid; magnesium stearate; calcium su^^ ^.f. °'?;,e^f g^cS'^^^^^^^^^ sorbitol, mannitol. and 
Oil. olive oil. com oil and oil ^^^'^^^T"' phosphate buffer solutions, 
polyethylene glycol: agar; f Q-^^/if ^^^^^^^^ formulations. Wetting agents and 

rr^ei: add^rS re^r. vTrr^Sn □ metabolites, and mineral supplements) 
maTbeTnduded in the phamiaceutical compositions of the present invention. 
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The choice of a pharmaceutical carrier to be used in conjunction with the diphosphonates of the present 
comlSsiSnTfs basically determined by the way the diphosphonate is to be administered. l^Jhe compound 
iToTe in^^^^^^ preferred pharmaceutical carrier is sterile, physiological saline, the pH of which as 
beln ad uS^^^ However, th preferred mode of administering the diphosphonates of the 

orese^^^^^^^^ and the preferred unit dosage form is therefore tablets, capsules ^d the hke. 

?o^^^^^^^^^^^ mg ? to 600 mg P of the diphosphonic acid compounds described herein Pham^aceu- 

S cSs s^^^^ for the preparation of unit dosage forms for or^ administration are w^^^ known ,n the 
a^ThTselection will depend on secondary considerations like taste, cost shelf stability, wh.ch are not 
Siil for the purposes of the present invention, and can be made without difficulty by a person silled .n 
iTart ThBp^^^ carrier employed in conjunction with the diphosphonates of ti.e present 

nventnL usedTa concentration sufficient to provide a practical size to dosage relationship. Preferably. 
Te p;« carrier comprises from about 0.01% to about 99.99% by weight of tiie total composrtion. 
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Capsules are prepared by conventional metiiods. comprised as follows: 



Ingredient 

N-{2-{3-picolyl)) AMDP 
Starch 

Sodium lauryl sulfate 



Mg per capsule 
100 (as mg P) 
55. SO- 
2.90 



The above capsules administered orally twice daily for 6 months substantially reduce ^one resorption ,n 
a patient weighing approximately 70 kilograms afflicted witii osteoporosis. Similar results are obtained when 
LT(2^^^^^^^^ diphosphonic acid, or its phamiaceutically-acceptab a sa^t or ester, in 

the above-described capsules is replaced with N.(2.(5-amino)-pyridyl)-aminomethane diphosphonic acid: 
N-(2-{5-chIoro)-pyridyl)-aminometiiane diphosphonic acid; 
N-(2-(4-picolyl))-aminomethane diphosphonic acid; 
N-(2-(5-picolyl))-aminometiiane diphosphonic acid; 
N-{2-(6-picoiyl))-aminomethane diphosphonic acid; 
N-(2-(3.4-lutidine))-aminometiiane diphosphonic acid; 
N-(2-pyrimidyl}-aminometiiane diphosphonic acid; 
N-(2iDyridyl)-2-aminoethane-1 ,1 -diphosphonic acid; 
2-(2-pyridyi)-etiiane-1 J -diphosphonic acid; 
2-(3-pyridyl)-ethane-1 .1-diphosphonic acid; 
2-(4-pyridyl)-etiiane-1 , 1-diphosphonic acid; 
2-{2-pyridyl)-1-hydroxy-etiiane-1 , 1-diphosphonic acid; 
2-(3-pyridyl)-1-hydroxy-ethane-l .1-diphosphonic acid; 

2-f4-Dvridvl)-1-hvdroxy-ethane-l, 1-diphosphonic acid: . * 

oV(3-picolyl))-o>camethane-diphosphonic acid; or the pharmaceutically-acceptable salts or esters thereof. 



50 



55 



EXAMPLE 11 

Tablets are prepared by conventional methods, formulated as follows: 
In gredient 

N-(2-pyrimidyl) AMDP 
Lactose 
Starch 

Magnesium stearate 



mg per tablet 
25,00 
40.00 
2.50 
1.00 
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replaced with N-(2-(5-amino)-pyridyl)-aminomethane diphosphon.c acd; 



10 



15 



replacea wiin iN-i^-v^-dinuiurwy"^/'/ - 

N-(2-{5-chloro)-pyridyl)-aminomethane diphosphonic acid; 

N-(2-(3-picolyi))-anninomethane diphosphonic acid; 
N-(2-(4-plcoiyl))-aminomethane diphosphonic acid; 
N-(2-(5-picoiyi))-aminomethane diphosphonic acid; 
N-(2-{6-picolyl))-aminomethane diphosphonic acid; 
N-(2-{3.4-Iutidine))-aminomethan6 diphosphonic acid; 
N-(2-pyridyl)-2-aminoethane-1 ,1 -diphosphonic acid; 
2-<2-pyridy()-ethane-1 ,1 -diphosphonic acid; 
2-(3-pyridyi)-ethane-1 .1 -diphosphonic acid; 
2-(4-pyridyl)-ethane-1 .1 -diphosphonic acid; 
2-(2-pyridyi)-1-hydroxy-ethane-1.1 -diphosphonic acid; 

2-(3-pyhdyi)-l -hydroxy-ethane-l .1 -diphosphonic acid; 
2-(4-pyrldyi)-1-hydroxy-ethan0-1 ,1 -diphosphonic acid; 
0-{2-(3-picolyl))-oxamethane-diphosphonic acid; or the 
pharmaceutically-acceptable salts or esters thereof. 
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EXAMPLE 



iniectable solutions are prepared by conventional methods using 1.0 mi of either physiological sal.ne or 
Injec able l""^^^^^^^ acid, adjusted to pH = 7.4. 

.5 ^^'^'^'^^^^^^ resMs in appreciable ailevia^on of hyperc^cemia of 

pyridyD-aminomethane diphosphonic acid; 
3Q N(2-(5-chioro)-pyridyl)-aminomethane diphosphonic acid; 

N-(2-(3-picolyl))-aminomethane diphosphonic acid; 

N-(2-{4-picolyl))-aminomethane diphosphonic acid; 

N-(2-(5-picoiyl))-aminomethane diphosphonic acid; 

N-<2-{6-picolyl))-aminomethane diphosphonic acid; 
35 N-(2-(3,4-lutidine))-aminomethane diphosphonic acid; 

N-(2-pyrimidyl)-aminomethane diphosphonic acid; 

N-<2-pyridyl)-2-aminoethane-1 ,1 -diphosphonic acid; 

2-{3-pyrldyl)-ethane-1 ,1 -diphosphonic acid; 

2-(4-pyridyl)-ethane-l ,1 -diphosphonic acid; 
40 2-(2-pyridyl)-1 -hydroxy-ethane-1 ,1 -diphosphonic acid; 

2-(3-pyridyi)-1-hydroxy-ethane-1 ,1 -diphosphonic acid; 

2-(4-pyridyl)-1 -hydroxy-ethane-l ,1 -diphosphonic acid; 

0-(2-(3-picolyi))-oxamethane-diphosphonic acid; or 

pharmaceuticallj.^^^^^^^^^ useful in the treatment of abnormai calcium and 

. ^ Zflm Otier diphosphinc acids and their pharmaceutically-acceptable salts have been 
' CfoT i^he trSmeS^ °« ^"^"^ ethane- l-hydroxy-l.1- 

d phosphonic aaa ^^"^^' ^^ ^^^^^ considerable research efforts in this area. 

''Cowe" "e coXos^nHf tS pTesent Invention are generally more biologically potent in inhib.tng 
Howeve , ^^^^"^"^^^ diphosphonates. Thus, the compositions of the present invention may 

SrS.r ra^o^honL; 1 (5) having po»n«al ,0, 0. dosing n,emo«s. 
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The oreferred mode of administration is oral, but other modes of administration inciude without 
,inii.IJonTSrm7mucosai. sublingual. Intramuscular, intravenous, intraperitone^. and subcutaneous 

'"''T'ZZ^IZ^T^ as used herein ,s meant (1) conditions which ar 

cUele^^Ze^^^ous mobilization of calcium and phosphate leading to general or speafic bone to^ 
o?^2ssfvely high calcium and phosphate levels in the fluids of the body: and (2) condrtions which cause 
0 resutt Z deposiJon of calcium L phosphate anomalously in the body. The first f egory .ncUides 
but^ not72«J to osteoporosis, Pagets disease, hyperparathyroidism, hypercalcemia of mal.gnancy and 
^^mo bonfmetiSs. The second category includes, but is not limited to. myos*s ossificans 
p S^^l^L cate^^^^ and such afflictions as arthritis, neuritis, bursitis, tendonitis and other 

Smato% conditions which predispose involved tissue to deposition of calcium phosphates. 

TSonTS-. or "personTn need of such treatirient". as used herein s meant any human or 
lowefanS which suffers a significant risk of abnom,al calcium and phosphate metabolism if left 
uZs^TL ^^ human or lower animal diagnosed as being afflicted witii abnormal calcium and 
phSptate metabolL. For example, postmenopausal women; persons undergoing certain steroid tiier^y; 
S?sons o^S^ain anti-convuisant drugs; persons diagnosed as having Pagets disease, hyper- 
Syroidrsm. hypercalcemia of malignancy, or osteolytic bone metastases; persons d-agno^^^^^^^^^ 
Sng from one or more of the various forms of osteoporosis: persons belonging to a P^P^latio" O^UP 
k^own to have a significantly higher ttian average chance of developing osteoporosis, e.g.. Postm«n°Pa"3al 
women men over age 65. and persons being treated with dmgs known to cause osteoporosis as a s de 
rrct pe^sons diagnosed as suffering from myositis ossificans progressiva or calcinosis ""'^^f ^ 
p!iL aftSed wSh arthritis, neuritis, bursitis, tendonitis and other inflammatory conditions which predis- 
Dose involved tissue to diposition of calcium phosphate. ^ u • • ««f ^ 

' By "human or lower animal afflicted with or at risk to osteoporosis" as used ^ere-n -s meant a s^^^^^ 
diaanosed as suffering from one or more of Uie various forms of osteoporosis, or a subiect belonging to a 
Sp Sown 0 hTve a significantly higher ti^an average chance of developing osteoporosis, e.g.. post- 
mZpfusr women, men over the age of 65. and persons being treated with drugs known to cause 

osteooorosis as a side effect (such as adrenocorticoid). 

T-safe and effective amount" as used herein is meant an amount of a compound or composition high 
enough to 3g^ficantly positively modify the condition to be treated, but low enough to avoid serious s de 
Secfs (at a reasonable benefit/risk ratio), witiiin the scope of sound medical judgment The safe and 
SSve amoLnt of diphosphonates will vary witin tiie particular condition being treated the age and 
DhS condSn of the patient being treated, the severity of me condition, the duration of treatirent. the 
nlrrlf consent therapy and the specific diphosphonate employed. However, single dosages can 

^g" rom ru^O to about 3^00 mg P. or from about 0.1 micrograms PJg of body weight o 

S 500 mg P/kg of body weight. Preferred single dosages are from about 0.1 mg P to about 600 mg P. 
^ from Lut 0 01 to aboi 50 mg P/kg of body weight Up to about four single dosages per day may be 
adminTstSed D^y dosages greJer than about 2000 mg P/kg are not required to produce the desired 
Sr?nd may produce undesirable side effects. The higher dosages within this range are. of course, 
required in tiie case of oral administration because of limited absorption. 



Schenk Model 



The compounds were evaluated for in vivo bone resorption inhibition and mineralization inhibition in an 
animrmodel system known in the field of bSi^e metabolism as the Schenk Model, ^e general pnnciple of 
Ss model systL are disclosed in Shinoda et al.. Calcif, Tiss;^ Int. 35 . 87-99 (1983); and in Schenk et al. 
Calcif. Tissue Res. 11 . 196-214 (1973), 



Materials and Methods: 



Animals 



Preweaning 17-day-old (30 gms) male Sprague Dawley rate (Charles River Breeding Laborator s) were 
shiooed wiUi their moLrs and placed in plastic cages witii their mothers upon arrival. At 21 days Of age. 
pups r^llrF^t Ch^^ and water ad libitum were randomly allocated into treatment groups compnsing 
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. * ^„«trr,i animals recsivinq saline vehicle which had 10 rats p r group. On 



day 0 and again - . , 

solution in 0.9% NaCl solution to label the skeleton 



Dose Solutions and Dosing Procedure 



JO 
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^ o,.hr.*inftniJs iniection in 0.9% normal saline and adjusted to pH 7.4 
All solutions were prepared f^^^f/^^^J*"' ^ by considering the mass of powder (based on 

using NaOH and/or HCI. Doss f "Jf"'^^^^^ weight) that corresponds to mgP/kg. 

molecular weight, hydrauon) ^'^^^^^^^J^^O ' ^^^^^^ mLly all compounds were administered 
Concen^tions were based on dos ng 0-2 -1 00 9 ^^^^^^^^ showing activity at 0.1 mg P/kg/day were then 
flJ^d Jt^glmfc d^:r™o^01 mgWday. Ad.— In dosage based on changes .n 
body weight were made on a daily basis. 

[vi^Torry. '2:^ Processing and Histomorphometry 
on day 8 attar the start ot do.ng .. anim.^^ 

dissected free and placed in 70% ethyl "ledurrdeSd in Boyce et al.. Lab. Investig.. 48 . 

embedded in methyl methacrylate usmg a rap d procedure descnbed n uoy tj^-^-^i^oiTed 

683-689 (1983). the disclosures of -f^^^-^S^ ^^^^^^^^ were stained on 

longitudinally through the metaphyseal ^^^^^^n microrcSSrs^^^^ for ev^uation with a Quantimet Image 
one surface with silver nitrate and .'"^ °" ™° illumination. Metaphyseal 

Analyzer (Cambridge Instruments. Incj us ng '^^^J^^'^^^^X^^ label and the growth plate: 

Srs'eVrper:™^^ rm3~ral .owth plate width was obtained as the 
mean value of 10 equally-spaced "J^^^^'f^f "^^^^^^^^ analysis of variance and 

model, are provided in Table I. 
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TABLE 1 

Lowest Effective (An tiresorptive) Dose 

Schenk 

ninhn.ohonate Compound LED (mg P/kg) 

EHDP 



1.0 

CLMDP 

2 0.1 

10 APD 



* 



N-(2-pyridyn AMDP 
N-{2-(5-chloro)-pyridyl)^AMDP 

N-(2-(3-picolyl}) AMDP ^ 
N-(2-(4-picolyl)) AMDP ^ 
N-(2-(5-picolyn) AMDP 



0.01 
0.01 
0.001 
0.001 
0.001 
0.001 



N-(2-(6-picoiyl)) AMDP 

20 , . -J n AMnp * 0.001 

N-(2-pyrimidyl) AMDP ^ 

N-(4-pyridyi)-N-ethyl AMDP 
2-(2-pyridyn EDP * 
2s 2-(3-pyridyl) EDP 

l-(2-pyridyi) propyJ DP 
EHDP = ethane-1 -1 hydroxy-! ,1 -DP 



0.1 
0.01 
0.01 
10 
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CI MDP = dichioromethane DP 
2 

APD = 3-aminopropane-l-hydroxy-l,l-DP 

AMDP = aminomethane diphosphonic acid, where the ring is at- 
tached to the amine, 

* = Compounds included in pharmaceutical compositions of the 
present invention. 

EDP = ethane-1, 1 -diphosphonic acid, where the ring is attached 

at the 2 position of the ethane. 

Propyl DP = propane-2,2-diphosphonic acid 

Dinhosohonate compounds which have a bone mineralization inhibiting effect cause vjdening of the 
•nSLi^! „rov?hD^te since matrix production continues but mineralization is impeded. The widening of 
TepThteLCwTp^r: obirve'd In the Schenk model is. therefore, a measure of the mineralization 

loteS tr^ZS:^ significant widening of epiphyseal growth piate for 
compounds tested are given in Table 11. 
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TABLE II 

lv\ineralizatioP Inhibition (Schenk Model)) 

Lowest tested dosage 
producing a statistically 
significant widening of 

Diphosphonate epiphyseal growth plate 

compound (ms_Pn<2) 

EHDP 

APD 

CIjMDP 

N-(2-pyridyl) AMDP * ^ 

N-(4-pyridyl)-N-ethyl AMDP " ^.^ 

N-(2-{3-picolyl)) AMDP ^ 

N-(2-(')-picolyl)) AMDP * ^-"^ 
N-(2-(5-picolyl)) AMDP * 
N-(2-(6-picolyl)) AMDP 

N-(2-pyritnidyl) AMDP ^ ' 

N-(2-(5-chloro)-pyridyl) AMDP 

2-{3-pyridyl) EDP ^ " 
2-(2-pyridyl) EDP 

- = No plate widening observed at highest dose tested (highest 

dose tested is 10 mg P/ kg /day unless otherwise indicated) 

1^ = Highest dose evaluated is 1 mg P/kg/day (compound lethally 

toxic at 10 mg P/kg/day) 

EHDP = ethane-1-hydroxy-1 ,1-DP 

APD = 3-aminopropane-1-hydroxy-1 .1-DP 

CI MDP = Dichloromethane DP 

AMDP = aminomethane diphosphonic acid, where the ring is at- 
tained to the amine 

l-:i3P ftth£ne-lj -diphosphonic acid, where the ring is attached 
at the 2 position of the ethane 

* = Compounds included in pharmaceutical compositions of the 
present invention 



Thyroparathyroidectomized (TFOQ Rat Model 

The-compounds w re evaluated for in vivo bone resorption Inhibition potency by an animal model 
svstem ^oTas the thyroparathyroidectomiiTd (TPTX) rat model. The general pnnaples of his model 
system dLlosed in Russell et al.. Calcif. Tissue Research. 6. 183-196 (1970). and ,n Muhlbauer and 
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Fleisch Mineral Electrolyte Metab.. 5 . 296-303 (1981) The basic biochemical concept of the TPTX system 
Ts InhTbitOTlhT^rold^^ (PTH) - induced rise in serum and ionized calcmm levels by the 
respective bone active poiyphosphonates. 



Materials and Methods: 



Materials 



70 



15 



20 



25 



Low calcium and low phosphorous diets used were prepared by Teklad" Test Diets (Harlan Industnes. 
Madison. Wisconsin 53711; Order #TD82195) in a pellet form of approximately 0.18% calaum and 0^% 
phosphorous. The diets contained all the essential vitamins and minerals required for the rat. with the 
exception of calcium and phosphorous. The calcium and phosphorous levels of the pellets were venfied 
anaivtlcallv (Procter & Gamble Co.. Miami Valley Laboratories, Cincinnati, Ohio). 

T-SllsT'^re6 as a powdered bovine extract (Sigma Chemical Co.. P. 0. Box 14508. St Louis. 
Missouri, order #P-0892. Lot #72F-9650) at an activity of 138 USP units per mg. PTH was Pjep^ed in M/. 
sSne sich that the final concentration was 100 U.S.Pyml. All solutions were fitered through a #4 Whatman 
Filter Paper and refiltered through a 0.45 u.m Metricel "filter. 

Dose Solutions and Dosing Procedure 

All solutions of compounds to be tested for bone resorption inhibition potency were prepared for 
subcu a ous injection in 0.9% normal saline and adjusted to pH 7.4 using NaOH ^nd/or HCl. Dose so u^^^ 
calculation was made by considering the mass of powder (based on molecular weight, hydration) of the 
active material in mg/kg (body weight) that corresponds to mg P/kg Concentrations were ^a^^^ O" ^^^^9 
02 ml/100 grams of body weight. Initially, all compounds we.-e administered a 0.01 , 01. and IX) mg 
pfkgSay for 4 days. Where necessary the test was repeated, whereby the animals were administered with 
0.5 LED in order to refine the determination of LED. Adjustments in dosage based on changes in body 
weight were made on a daily basis. 



35 



40 



Animals 



In this study 50 male Wistar rats weighing approximately 150-160 grams were thyroparathyroidec- 
tomized surgically by the breeder (Charles River Breeding Laboratories). All rats were double housed on 
SrTvaUn suspended cages with Purina Uboratory Rodent Chow« and tap water ad lib|tum. After acclimaton 
to the laboratory environment for 3-5 days, the rats were placed on a low calcium, low phosphorous 
(0.18%/0.22%) diet (Teklad«) and given 2% (W/V) calcium gluconate supplemented deionized water via 
water bottles. 
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Method 



55 



On day four of iow-caicium diet all rats were anesthetized with Ketaset" (Ketamine Hydrochloride. 100 
mg/ml Bristol Myers), 0.10 ml/100 grams of body weight, weighed and then bled from the retro-orbital 
Zous plexus for'serum total calcium an^ysis using Fiame Atomic Absorption (FAA). /.I ra s washing less 
than 180 grams were eliminated from the study. Animals were then randomized statistcally such hat the 
mean total serum calcium for each group was the same. Only rats deemed hypocalcemic (total serum 
calcium ^8.0 mg/dl) were placed in study groups comprising six animals per group. _ „ „ ^. „ 

Treatments with the various experimental compounds commenced on day 6 and lasted through day 9 
of the study (at 1:00 P.M. each day). Dose solutions were prepared to be given at a constent ra e of 0^ 
ml/Too tarns of body weight subcutaneously in the ventral skin flap where the hind leg meets the torso. All 
"rwere wiheHd dosed daily. A 25 gauge 5/8- needle was used to administer drug, alternatng dose 
Ss dZ on day 8. animals were changed to deionized. distilled water via water bottles On day 9 a^l rate 
were Sd in Jafternoon at approximate^ 4:00 P.M. On day 10 of study no tre^trnen was giv n. n 
morning a 600 ul sample of whole blood was collected from each rat in Microtainer (B.D#5060) serum 
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JO 



. , • /CAA\ T«/n til samoies of heparinized whole blood were also 
tuMs to, semm total calcum (FM). ' =5 „«c«on all rats were 

colleaed to be used tor lomied <^ .'"'^■JTzSl^^t a rate of 76 USP (filtered) per 100 

^rrs".cr?«~.s:rtor r r:^^^^ - - 

body weights. challenge is a rise in serum calcium level, with peak activity 

The physiological effect of the J;^7'^"«^^^^ ^jjgtary controls of calcium metabolism are 

''^""^JXir^Z^ To.^Z~TsZZZ. level is presumably the result of 
minimized in the TPTX moaei, an uu5>orvou resorotion of bone materials, the 

resorption of bone "^f ^f^^'"- ^"^^3^7^^^^^^ 

animals pretreated with polyphosphonate f '^^^ with saline vehicle instead. The lowest 

was less than that found in control- ammals which f^^^«;"^'f^^^^^^^^^^^ ,3 evidenced by a decreased 
dose at which the PO'VP^^o^Pj^";^ mts re'oH bonetsor^L inhibition potency of the 
^a^Zr^e '^oZr:X:rls:^^ .^o. .... . r^e^^^^ compounds as 

determined by the TPTX rat model are presented in Table III. 
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TABLE III , 
Lowest Effective (Antiresorptlve) Dose 

TPTX 



Diphosphonate Compound 

EHDP 

CljMDP 



APD ^ 
N-(2-pyndyl) AMDP ^ 
N-(2-(5-amino)-pyr«dyl) AMDP ^ 
N-(2-(5-chloro)-pyridyl) AMDP^ 
N-(2-(5-nitro)-pyndyl) AMDP 
N-(2-(5-carboxy)-pyridyl) AMDP ^ 
N-(2-(3,5-dichloro)-pyrldyl) AMDP 
N-(«-pyridyl)-N-ethyl AMDP 
N-(2-(3-picolyl)) AMDP ^ 
N-(2-('»-picolyi)) AMDP ^ 
N-{2-(5-picolyl)) AMDP ^ 
N-{2-{6-picolyl)) AMDP 
N-(2-(3.«-lutidine)) AMDP^ 
N-{2-{4,6-lutidine) AMDP 
N-(2-pyrimidyl) AMDP ^ 

N-{'«-(2.6-dimethyn-pyrifnidyl) AMDP ^ 

N-(2-(4,6-dihydroxy)-pyrimidyl) AMDP 

N-(2-pyridyl) AEDP 

N-(2-(3-picolyn AEDP 

2-(2-pyridyl) EDP ^ 

2-{3-pyridyl) EDP * 

2-(M-pyridyn EDP ^ 

1- (2-pyndyl) propyl DP ^ 

2- (2-pyridyl)-l-chloroethane DP 

0-(2-pyridyl)-oxamethane DP* 
0-(2-(3-picolyl))-oxamethane DP* 
N = no activity at any of the dosage levels tested 
EHDP = ethane-l-hydroxy-1 ,1-DP 
CljMDP = dichloromethane DP 
APD = 3-aminopropane-1-hydroxy-1 ,1-DP 



LED (mq P/kg) 
1.0 
1.0 
0.1 
0.01 
0.01 
0.01 
0.1 
N 

1.0 
0.1 
0.002 
0.001 
0.001 
0.01 



0.01 
0.01 
0.01 
1 .0 
0.01 
0.01 
10 
0.01 
0.01 
0.1 
1.0 
0.1 
1.0 

0.1 
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